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Introduction 
 
Orofaciodigital syndrome (OFDS) (OMIM 
311200) is a general term for describing several 
distinctive developmental genetic diseases that 
are characterized by malformation of the mouth, 
face and digits. At least 13 different types of the 
syndrome have been recognized among which 
type 1 (OFD1) is the most common form with 
an incidence of 1:50000 to 1:250000 live births 
(1, 2). The cardinal clinical features include cra-
niofacial abnormalities (facial asymmetry, hyper-
telorism, frontal bossing, microretrognathia, 
broadened nasal bridge, cleft palate, multi-
lobulated tongue with nodules, and abnormal 
dentition), and digital abnormalities including 
Abstract 
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brachydactyly, syndactyly, clinodactyly and pre- 
or post-axial polydactyly. In 60% of cases with 
OFD1, brain structural abnormalities, develop-
mental delay and intellectual disabilities have 
been identified (3). Majority of cases with onset 
older than 18 years, suffer from renal cystic dis-
ease (4-6). The observation of multiple milia and 
hypotrichosis is remarkable skin abnormality for 
OFD1 which are not observed in other types of 
OFDS (7).  Alopecia, deafness and trembling are 
expressed less frequently in OFD1. 
 Mutations in the OFD1 gene, which is mapped 
on chromosome Xp22, are responsible for OFD 
syndrome type 1. Therefore, OFD syndrome 
type 1 is inherited in X-linked dominant pattern 
and has prenatal lethality in the male fetus (5, 8, 
9). A protein with 1011 amino acid expressed on 
the basal body of primary cilia and the centro-
some is encoded by OFD1 gene. The protein 
also has a key role in the biogenesis of cilium and 
development by modulating Wnt signaling path-
ways (10-13). To date, over 130 different muta-
tions have been identified in OFD1 with many 
truncating mutations.  The location of mutations 
causing OFD1 extends to 17 exons of 23 coding 
exons. About 75% of cases with OFD1 are spo-
radic, and there are some reports about correla-
tion of genotype with phenotype (12, 14). Muta-
tions in OFD1 gene have also been identified in 
association with four recessive X-linked pheno-
types: Joubert syndrome, intellectual disability, 
type 2 Simpson-Golabi-Behmel syndrome and 
retinitis pigmentosa (15-19).   
In this case study, we analyzed the sequences of 
the eight exons of the OFD1 gene in eight indi-
viduals from an Iranian family with X-linked do-
minant OFD1, and we identified a novel muta-
tion. This family had a heterogeneous phenotypic 
findings ranging from being so mild in the moth-
er that she was undiagnosed to severe neurodeve-
lopmental delay, distinctive dysmorphic facial 
features, and multiple oral anomalies in her 
daughters.  
 
Subjects 
The study was approved by Ethics Committee of 
Yazd University of Medical Sciences and in-
formed written consent was obtained from the all 
subjects participating in the study.  
A female sibship was referred to the Medical Ge-
netics Department of Yazd University of Medical 
Sciences due to craniofacial and oral dysmor-
phism in addition to neurodevelopmental delay. 
The patients were thoroughly examined and all 
their clinical records were reviewed by a physi-
cian. A three-generational pedigree for the family 
was constructed based on their family history ob-
tained by a genetic counselor (Fig. 1). 
 
 
 
Fig.1: The pedigrees of family with OFD1 syndrome .This pedigree shows two females with OFD1 syndrome 
(Black symbols), five miscarriages of male fetus (slash lines), and mother with mild phenotype (Gray circle) 
 
Iran J Public Health, Vol. 45, No.10, Oct 2016, pp. 1359-1366 
1361                                                                                                      Available at:    http://ijph.tums.ac.ir 
Patient 1 (III-VII) 
The first patient was a 9-year-old girl with a birth 
weight of 3200 g who was born to a family with 
non-consanguineous parents at 37 wk gestation, 
because of the fourth pregnancy. At birth, she 
had ventricular septal defect (VSD) diagnosed 
with fetal ultrasonography, and deformities of the 
mouth, jaw, and palate were remarkable. The 
child could stand and walk without assistance at 
29 month. She also started to speak her first 
words at the age of two.  At the time of the 
study, oral abnormalities included cleft palate, 
malaligned, abnormal dentition, macroglossia, 
ankyloglossia, multiple hyperplastic frenulums, 
and a bifid, lobulated tongue. Facial abnormalities 
that could be seen in the patient were dolichoce-
phaly, macrocephaly (54.3 cm- 88 percentile), 
saddle nose deformity, low set ears, downslant 
palpebral fissures, and thin hair and eyebrows 
(Fig. 2). The girl also had severe psychomotor 
delay, intellectual disability and seizures. There 
were no signs of malformation in her feet and 
hands. Brain magnetic resonance imaging (MRI) 
revealed heterotopia in right cingulate cortex and 
brain Computed Tomography (CT) Scan showed 
ectopic gray matter in right posterior parasagittal 
(Fig. 3). Abdominal MRI revealed that she had 
no sign of renal anomaly. A G-band karyotype 
performed on the patient showed no gross 
chromosomal aberrations. She had normal vision 
and hearing and laboratory tests could not detect 
anything abnormal. 
 
 
 
Fig. 2: Clinical features of case 1& 2; A, B, E & F: 
Distinctive facial features, C & G: malaligned denti-
tion, D & H: bifid tongue & nodules in the lateral 
border of tongue 
 
 
Fig. 3: Brain magnetic resonance imaging (MRI) findings of patient 1(III-IV), A &B: Axial and Coronal (FLAIR) 
view indicates heterotopia in right cingulate cortex. C: Computed Tomography (CT) Scan of the patient 1(III-IV) 
shows ectopic gray matter in right posterior parasagittal. 
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Patient 2 (III-III) 
The second patient was a 4-yr-old girl born as the 
result of the seventh pregnancy at 36 wk of gesta-
tion with a birth weight of 3300 g. The patient 
could walk without support at 15 months. She 
had the following abnormalities: dolichocephaly, 
macrocephaly (51 cm- 66 percentile), multiple 
and malaligned dentition, cleft lip and palate, 
asymmetric, bifid and lobulated tongue, macrog-
lossia, multiple hyperplastic frenulum, ankylog-
lossia, low set ears, downslant palpebral fissures, 
and thin hair and eyebrows (Fig. 2).  She had 
moderate psychomotor delay and developmental 
delay. The patient did not have any symptoms of 
abnormality in hands and feet. She had normal 
vision and hearing. Her brain MRI and CT-scan 
had normal findings and no renal abnormalities 
such as poly-cystic kidney (PKD) were identified. 
Her karyotype and routine laboratory test results 
were also all normal.  
 
Mother of the patients (II-IV) 
The mother of patients 1 and 2 was 29 yr old. 
She had a history of five abortions of malformed 
male fetuses (III-I, III-II, III-IV, III-V and III-
VI). The abortions of all male fetuses happened 
during her third month of pregnancy. She was 
born with bifid tongue that was surgically re-
paired. In addition, her dry and thin hair is re-
markable. Although the mother experienced con-
secutive abortions with two affected daughters, 
she did not attend any genetic counseling, which 
caused delay in diagnosis of the disease. 
We extracted genomic DNAs from the peripheral 
blood samples using the ReliaPrep™ kit (Blood 
gDNA Miniprep System, Promega).  The muta-
tional hotspot within 8 exons of OFD1 (includ-
ing exons 2, 3, 7, 8, 9, 12, 13 and 16) were ampli-
fied based on standard protocols. Primer se-
quences are available upon request. Then, the 
study employed 3730 DNA Analyzer and BigDye 
Terminator v3.1 cycle sequencing kit (Applied 
Biosystems) for sequencing of the PCR products 
in both directions.       
Our genetic studies identified a novel 2-base pair 
deletion (c.1964-1965delGA) in exon 16 of 
OFD1 leading to a frame shift (p.Arg654X) in 
two patients and their mother (Fig. 4). The muta-
tion has not been previously reported, nor is 
present in The NHLBI Exome Sequencing 
Project Exome Variant Server (September 2013), 
Complete Genomics (February 2012), dbSNP 
(134–137), 1000 Genomes (May 2012) and Ex-
ome Aggregation Consortium (ExAC), Cam-
bridge, MA and as it was expected it was absent 
in the father and the brother of mother. 
 
 
 
Fig. 4: Sequence analysis of the exon 16.  Direct se-
quencing of the PCR products in affected individuals 
and wildtype. CT (GA in the sense strand) was de-
leted. 
 
Discussion  
 
We found a novel 2-base pair deletion (c.1964-
1965delGA) in exon 16 of OFD1 gene causing 
abnormal phenotypes in two children and their 
mother, which affirmed the OFD1 syndrome. 
Oral, facial and digital abnormalities are main cri-
teria in the diagnosis of OFD1. In spite of the 
severe phenotypic picture observed in the af-
fected sisters, a suspected diagnosis OFDS had 
not been suggested until thorough clinical exami-
nations, in particular oral evaluation, of the sibl-
ing.  The variable presentation of signs and 
symptoms in OFDS makes the diagnosis of each 
type very difficult. We could not distinguish X-
linked OFDS from autosomal recessive variants 
just based on oral, facial and neurological features 
of the patients. The OFDS type 1 was established 
only after clinical findings in the sibling and their 
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mother, pedigree analysis and finally the genetic 
screening of the OFD1 gene.  Although the find-
ings described for OFD1 overlap with those ob-
served in other OFDS types, in familial cases, it 
can be differentiated because of its X-linked do-
minant inheritance with multiple male lethality 
and absence of parental consanguinity from pedi-
gree analysis (20).  
Unsurprisingly, affected individuals in this family 
did not display all traditionally key features of 
OFDS, thus confirming once again the variable 
phenotypic spectrum of OFDS.  For instances, in 
this family neither of the patients have digital ab-
normalities which occur in 88% of Patients with 
OFDS (12). In addition, polycystic kidney was 
not observed in the family which is almost 
present in all the affected individuals with OFDS 
in their adulthood (21).  However, absence of the 
kidney features in the affected sisters can be due 
to their young age and there is a very high risk for 
PKD in the patients.  Since PKD leads to renal 
failure careful morphological assessments and 
biochemical monitoring of renal function in the 
family is necessary. Structural brain malformation 
in patients with OFD1 has often been found in 
88.7% among patients displaying neurological 
symptoms or/and cognitive/behavioral abnor-
malities.  The most frequent anomalies of brain 
structure included disorders of neuronal migra-
tion and organisation, agenesis of the corpus cal-
losum, intracerebral cysts, cerebellar malforma-
tions and porencephaly (3). Brain MRI analysis of 
the older sister did not find any abnormalities and 
younger affected individual only presented mal-
formation of cortical development (MCD) in-
cluding grey matter heterotopias.    
Both affected sister presented mild macrocephaly 
and dolichocephaly. Although Macrocephaly is a 
cardinal clinical feature in X-linked recessive 
OFD1 neurodevelopmental syndromes in males, 
it has never been reported in OFDS type 1. This 
is the first report of macrocephaly in female pa-
tients with mutation in OFD1. 
The mother of the patients was presented with a 
milder phenotype than that of her daughters (20). 
Clinical features in the mother of the patients 
were noticed only after presentation of severe 
symptoms in her daughters. Milder phenotype in 
the mother and clinical variability in the affected 
children, which is common for OFD1, poses 
challenges for accurate diagnosis and genetic 
counselling. It can be explained because of the 
different degree of somatic mosaicism X-
inactivation (20). Modifier genes can also be im-
portant factor for variability in families with 
OFD1 patients (22). Male lethality in OFD1 
usually occurs in the first or second trimester of 
pregnancy and only more than a dozen excep-
tional male cases with mutation in OFD1 have 
been reported to date. In this family, the mother 
had a history of five male miscarriages. There-
fore, this mutation can also be responsible for 
lethality in male fetuses.   
Mutation detection in OFD1 is necessary for de-
finitive diagnosis, especially for genetic counsel-
ling, preimplantation genetic diagnosis (PGD) 
and/or prenatal diagnosis. Fig. 5 demonstrates 
the frequency of reported OFD1 mutations (6, 
10, 14-17, 22-30).  Majority of mutations in 
OFD1 have been identified in exons 3, 7, 8, 9, 
12, 13 and 16, which may represent mutational 
hotspots. The mutation identified in this family is 
a two base-pair deletion mutation, which has not 
been previously reported, in exon 16 causing 
frameshift.  As with most of the mutations that 
have been described in the gene, it is predicted to 
cause premature truncation of the protein that 
would probably result in loss of function. There 
is no correlation between OFD1 clinical features 
and type of mutations. However, a phenotype-
genotype correlation between the location of mu-
tations and some variable clinical features of 
OFD1 has been suggested. For example, Intellec-
tual disability is more associated with mutations 
in exons 3, 8, 9, 13 and 16 (3).  
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Fig. 5: Schematic representation of the reported OFD1 gene mutations (Last update; main source: Prattichizzo et 
al. 2008). A: Point mutations. B: Genomic deletions. Square (frame shift ), Triangle (splice site), Star (nonsence), 
Circle (missense), Diamond (in-frame deletion) and Red symbols indicating mutations found in males with OFD1 
X-linked recessive disorder. 
 
Conclusion 
 
We identified a novel truncating mutation in 
OFD1 in three female members of a family dis-
playing variable symptoms and severity of clinical 
manifestation of OFDS type 1. As observed in 
previous cases with OFD1, phenotypic variability 
even within a family is possibly a rule rather than 
the exception. Hence, this report emphasizes im-
portance as well as the challenges of genetic 
counseling for OFD1 patients and their relatives. 
In cases of OFDS, thorough physical examina-
tion, collecting the family history and genetic 
screening of the affected individuals and their 
female relatives, along with monitoring of renal 
function are mandatory. 
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